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IMAGE PROCESSING APPARATUS, IMAGL
PROCESSING METHOD AND STORAGE
MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a Continuation of International Patent

Application No. PCT/JP2018/007239, filed Feb. 27, 2018,
which claims the benefit of Japanese Patent Application No.
2017-0917707, filed May 2, 2017, both of which are hereby

incorporated by reference herein 1n their entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

The present mvention relates to a technique to reduce
noise of a captured 1mage.

Background Art

In an 1mage captured by a camera, noise 1s included and
the amount of noise 1s large particularly at the time of
high-sensitivity image capturing. In order to reduce noise, a
large number of techniques to reduce noise included in a
captured image are known. For example, Patent Document
1 has disclosed a method of generating a denoised 1image by
generating a patch set from a captured image, performing
noise reduction processing for all the patches belonging to
the patch set, and further performing composition process-
ing of these patches. In the method of Patent Document 1,
as an mput 1mage, an 1image in which each pixel within the
image has the same level color information, that 1s, a
grayscale 1mage having color information on one color for
cach pixel or an RGB image having color information on
three colors of RGB for one pixel 1s supposed.

CITATION LIST
Patent Literature

PTL 1 Japanese Patent Laid-Open No. 2013-026669
PTL 2 Japanese Patent Laid-Open No. 2014-086956

SUMMARY OF THE INVENTION

Here, a case 1s considered where a RAW 1mage having
different color information in accordance with a color filter
for each pixel 1s taken as an mput 1mage and for example,
the patch-based noise reduction processing as disclosed in
Patent Document 1 1s performed. In this case, in order to
generate a patch set, 1t becomes necessary to set the shape
ol the patch i accordance with the arrangement of the color
filter. In this point, for example, Patent Document 2 has
disclosed a technique to change the patch shape 1n accor-
dance with the arrangement of the color filter 1n order to
perform noise reduction appropnately for the RAW image.
However, there 1s a case where generating a patch set by
using the technique of Patent Document 2 causes pattern
noise to occur 1n a noise reduced 1mage.

Consequently, an object of the present invention 1s to
generate a favorable image that suppresses the occurrence of
pattern noise 1n a method of performing patch-based noise
reduction for a RAW image.

The 1mage processing apparatus according to the present
invention 1s an image processing apparatus that reduces
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2

noise of an 1mage, the 1mage processing apparatus includ-
ing: a pixel setting unit configured to set a pixel of interest
and a plurality of reference pixels for the pixel of interest
among pixels configuring the image; a patch setting unit
configured to set a patch of interest configured by a plurality
of pixels with the pixel of interest as a criterion and a
plurality of reference patches configured by a plurality of
pixels with each of the plurality of reference pixels as a
criterion; and a noise reduction unit configured to perform
noise reduction processing based on the patch of interest and
the plurality of reference patches, and the image has a color
for each pixel, which corresponds to a color filter array
having periodicity, and 1s an image 1n which a umt pixel
group ncluding pixels corresponding to a plurality of color
components 1s arranged repeatedly, 1in the unmit pixel group,
a plurality of pixels exists for at least one color, and the patch
setting unit sets, for the patch of interest, a first reference
patch to which a pixel whose color array of peripheral pixels
and whose color component are the same corresponds and a
second reference patch to which a pixel whose color array of
peripheral pixels are different but whose color component 1s
the same corresponds.

Further features of the present invention will become

apparent irom the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing a hardware configu-
ration ol an 1mage processing apparatus;

FIG. 2 1s a block diagram showing details of a noise
reduction processing program according to a first embodi-
ment,

FIG. 3 1s a flowchart showing a flow of noise reduction
processing according to the present embodiment;

FIG. 4 1s an enlarged diagram of a part of a RAW 1mage
that 1s a target of noise reduction processing;

FIG. 5A and FIG. 5B are each a diagram showing an
example of a pixel of interest, reference pixels, and reference
patches, which are set 1n a method of the first embodiment;

FIG. 6 A and FIG. 6B are each a diagram showing an
example of a pixel of interest, reference pixels, and reference
patches, which are set 1n a method of the first embodiment;

FIG. 7A to FIG. 7D are each a diagram showing the
number of times of appearance of a G1 pixel and that of a
G2 pixel at each pixel position 1n a case where reference
patches of the first embodiment are overlapped;

FIG. 8A and FIG. 8B are each a diagram showing an
example of a conventional patch setting;

FIG. 9A and FIG. 9B are each a diagram showing an
example of a conventional patch setting;

FIG. 10A to FIG. 10D are each a diagram showing the
number of times of appearance of the G1 pixel and that of
the G2 pixel at each pixel position 1n a case where reference
patches of a conventional example are overlapped;

FIG. 11A and FIG. 11B are each a diagram showing an
example of a pixel of interest, reference pixels, and reference
patches, which are set 1n a method of the first embodiment;

FIG. 12A and FIG. 12B are each a diagram showing an
example of a pixel of interest, reference pixels, and reference
patches, which are set 1n a method of the first embodiment;

FIG. 13 1s a block diagram showing a hardware configu-
ration of an 1mage processing apparatus including a camera
according to a second embodiment;

FIG. 14A 1s a block diagram showing details of a noise
reduction processing unit;
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FIG. 14B 1s a diagram showing details of a patch simi-
larity level derivation unit;
FIG. 15 1s a flowchart showing a flow of noise reduction

processing according to the second embodiment;

FIG. 16 A and FIG. 16B are each an enlarged diagram of
a part of a RAW 1mage that 1s a target of noise reduction
processing;

FIG. 17A and FIG. 17B are each a diagram showing an
example of a pixel of interest and reference pixels in a third
embodiment;

FIG. 18 1s a diagram showing an example of a reference
patch 1n the third embodiment;

FIG. 19 1s a diagram showing an example of a reference
patch 1n the third embodiment;

FIG. 20 1s a diagram showing an example of a reference
patch 1n the third embodiment;

FIG. 21 1s a block diagram showing details of a noise
reduction processing program according to a fourth embodi-
ment;

FIG. 22A to FIG. 22D are each a diagram showing an
example of a noise reduction target-patch; and

FIG. 23 1s a flowchart showing a flow of noise reduction
processing according to the fourth embodiment.

DESCRIPTION OF TH.

(L.
L]

EMBODIMENTS

In the following, aspects for embodying the present
invention are explaimned by using the drawings. Embodi-
ments are not mntended to limit the present invention and all
configurations explained in the embodiments are not neces-
sarily indispensable to the solution for solving problems of
the present invention.

First Embodiment

In the present embodiment, an aspect 1s explained in
which patch-based noise reduction processing i1s 1mple-
mented by software. FIG. 1 1s a block diagram showing the
hardware configuration of an 1mage processing apparatus
according to the present embodiment. In FIG. 1, an image
processing apparatus 100 includes a CPU 101, a RAM 102,
a storage unit 103, a general-purpose interface 104, and a
display unit 105 and these are connected to one another via
a main bus 106. Then, via the general-purpose interface 104,
an external memory 110 and an 1mput device 120, such as a
mouse and a keyboard, are connected to the main bus 106.
The storage unit 103 is a storage device, such as HDD and
SSD. The display unmit 105 1s a liquid crystal display, an
organic EL display, or the like.

In the following, various kinds of processing that are
implemented by the CPU 101 running various kinds of
software (computer programs) stored in the storage unit 103
are described. First, the CPU 101 activates an image pro-
cessing program stored in the storage unit 103 and loads the
program onto the RAM 102 and at the same time, displays
a user interface screen (hereinafter, Ul screen) on the display
unit 105. Following the above, 1n accordance with 1nstruc-
tions from a user through the input device 120, the CPU 101
reads RAW 1mage data stored 1n the external memory 110 in
the RAM 102. Further, in accordance with instructions from
a user, the CPU 101 performs noise reduction processing for
the RAW 1mage data stored in the RAM 102. The image data
alter noise reduction processing, 1s stored again in the RAM
102. The image data after noise reduction processing stored
in the RAM 102 1s subjected to a predetermined output, such
as display on the display unit 105 and storage 1n the external
memory 110, after a series of processing 1s performed in
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accordance with mstructions from a user. The RAW 1mage
data that 1s the target of noise reduction processing may be
stored 1n the storage unit 103, in addition to the external
memory 110, or may be read from the server in the RAM
102 via a network, not shown schematically.

Following the above, patch-based noise reduction pro-
cessing 1in which a RAW image 1s taken to be an input image,
which 1s the premise of the present invention, 1s reviewed.
In the patch-based noise reduction processing, first, a plu-
rality of pixels in the RAW 1mage 1s set as pixels of interest
and a patch set 1s generated for each pixel of interest. Next,
noise of each patch included 1n the generated patch set 1s
reduced. For the noise reduction at this time, 1n addition to
the method of Patent Document 1 described previously, for
example, a method, such as an NL Bayes method, 1s used.
The NL Bayes method 1s explained briefly. First, the average
value of each pixel of the patch and a covariance matrix that
1s calculated by calculating a sum of the product of two
arbitrary pixel values of each patch for all patches of the
patch set are calculated. By the average value and the
covariance matrix, a priori probability that the pixel value of
an 1deal image without noise follows 1s modeled (supposed).
Next, by using Bayes’ theorem represented by “posteriori
probability=likelihoodxprior1 probability”, the pixel value
of the patch, which maximizes the posterior1 probability 1s
determined. That 1s, the modeled priori probability and the
noise variance ol the image (depending on the 1maging
sensor of the camera) measured in advance, which corre-
sponds to the likelihood, are applied to the above-described
Bayes” theorem and the pixel value of each patch 1s deter-
mined so as to maximize the posterior: probability. Due to
this, a patch 1n which noise 1s reduced 1s obtained. Then, by
composing each patch after noise reduction, a RAW image
in which noise 1s reduced 1s generated. This patch compo-
sition processing 1s called aggregation and the like. Specifi-
cally, each patch after noise reduction 1s returned to the
original patch position in the RAW 1mage and for the pixel
at which a plurality of patches overlaps, averaging or
weighted averaging based on the similarity level 1s per-
formed. The above 1s the contents of the noise reduction
processing by the NL Bayes method.

In the present embodiment, on the premise that the
patch-based noise reduction processing as described above
1s performed, by devising how to generate a patch set, the

occurrence of pattern noise 1s suppressed in the RAW image
after noise reduction.

Definition of Terms

Here, the terms in the present specification are reviewed.
“Patch” means an area of a geometrical figure 1n the shape
of a rectangle or in a checkered pattern, corresponding to a
part of a RAW 1mage, which 1s an mput image, and 1s
configured by a plurality of pixels. A patch configured by a
plurality of pixels with the pixel of interest as a criterion
among the pixels within the RAW 1mage 1s called “patch of
interest” 1n the following. Then, a patch that 1s set on the
periphery of the patch of interest, which 1s referred to at the
time of performing noise reduction for the patch of interest,
1s called “reference patch”. The reference patch 1s a patch
configured by a plurality of pixels with the reference pixel
as a criterion. For one pixel of interest, a plurality of
reference pixels 1s set, and therefore, a plurality of reference
patches exists for one pixel of interest. The patch set
described previously 1s a set of reference patches whose
similarity level with the patch of interest 1s high among a
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plurality of reference patches. It may also be possible for the
patch of interest itself to be included in a plurality of
reference patches.

In the present embodiment, an aspect 1s explained in
which the patch-based noise reduction processing as
described above 1s implemented by software. That 1s, the
patch-based noise reduction processing 1s implemented by a
noise reduction processing program being loaded onto the
RAM 102 and being executed by the CPU 101. FIG. 2 1s a
block diagram showing details of the noise reduction pro-
cessing program according to the present embodiment. A
noise reduction processing program 200 includes each of
modules 201 to 206, that 1s, the pixel of interest setting
module 201, the reference pixel setting module 202, the
reference patch setting module 203, the similar patch deter-
mination module 204, the patch noise reduction module 205,
and the patch composition module 206. In the following,
cach module 1s explained.

The pixel of interest setting module 201 generates coor-
dinate values specilying an arbitrary pixel for the RAW
image as the mput 1mage and sets a pixel of interest. The
reference pixel setting module 202 sets a plurality of refer-
ence pixels to be caused to correspond to the set pixel of
interest. The reference patch setting module 203 sets a patch
of interest and a plurality of reference patches based on the
pixel of interest and the plurality of reference pixels, which
are set. The feature of the present embodiment 1s how to set
the pixel of interest, the patch of interest, the reference pixel,
and the reference patch. Details thereol will be described
later. The similar patch determination module 204 deter-
mines a similar patch whose similarnity level with the patch
of interest 1s high among the plurality of set reference
patches. The patch noise reduction module 205 reduces the
noise of the determined similar patch. The patch composi-
tion module 206 performs composition of the similar patch
in which noise 1s reduced (aggregation).

Following the above, a tlow of specific processing of the
noise reduction processing program 200 having the module
configuration described above 1s explained. FIG. 3 1s a
flowchart showing a flow of the noise reduction processing
according to the present embodiment. In the following,
detailed explanation 1s given along the flow 1n FIG. 3.

At step 301, a RAW 1mage as an input image 1s acquired.
At step 302 that follows, a pixel of interest 1s set from the
acquired RAW 1mage. Then, at step 303, a plurality of
reference pixels 1s set based on the color and the position on
the image of the set pixel of interest. Further, at step 304, one
reference pixel that 1s the processing target 1s determined
among the plurality of set reference pixels. Then, at step 305,
a patch of imterest corresponding to the pixel of interest set
at step 302 and a reference patch corresponding to the
processing target-reference pixel determined at step 304 are
set. Here, from the setting of the pixel of interest up to the
setting of the reference patch, which are the feature of the
present embodiment, are explained in detail with reference
to a specific example.

FIG. 4 1s an enlarged diagram of a part of the RAW 1mage
that 1s the target of the noise reduction processing of the
present embodiment. As shown 1n FIG. 4, each pixel of the
RAW i1mage 1s associated with one color of red (R), green
(), and blue (B) 1n a color filter of the imaging sensor. The
array ol colors in the color filter has periodicity and 1n the
color filter shown 1n FIG. 4, a square of 2x2 pixels indicated
by a thick frame 401 1s taken to be a minimum unit pixel
group ol repetition. Then, the color of each pixel at the
top-left position 1n the pixel group of the minimum unit 1s R,
that at the top-right position and the bottom-left position 1s
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and that at the bottom-right position 1s B. The array such as
this of the color filter 1s called the Bayer array. As shown in
FIG. 4, 1n the mimimum unit pixel group 1n the Bayer array,
a plurality of pixels corresponding to green exists. In order
to distinguish the top-right pixel from the bottom-leit pixel,
both are the same 1n the present specification, different labels
are attached (label attachment), such as that “G1” 1s attached
to the top-right pixel and “G2” to the bottom-left pixel. For
convenience of explanation, to R and B, “R1” and “B1” are
attached, respectively. This ID indicates a position relation-
ship for the color filter array.

FI1G. 5A, FIG. 5B, FIG. 6A, and FIG. 6B are each a
diagram showing an example of the pixel of interest, the
reference pixels, and the reference patches, which are set by
the method of the present embodiment 1n a case of the RAW
image corresponding to the Bayer array shown in FIG. 4.
The shape of the patch of interest 1s the same as the shape
of the reference patch, and therefore, omitted. FIG. 5A
shows a case where the label of the pixel of interest 1s R1 and
FIG. 5B shows a case where that 1s B1, respectively. Further,
FIG. 6 A shows a case where the label of the pixel of interest
1s G1 and FIG. 6B shows a case where that 1s G2, respec-
tively. As 1s obvious from FIG. 5A, FIG. 5B, FIG. 6A, and
FIG. 6B, even in any of the cases where the label of the pixel
of mterest 1s R1, B1, G1, and G2, two kinds of pixel (=two
kinds of pixel whose labels are different) whose positions in
the minimum unit of the color filter array are diflerent are set
as the reference pixels. For example, 1n a case where the
pixel of interest 1s the R1 pixel (FIG. 5A), for the pixel of
interest indicated by the thick frame, the two kinds of pixel
of R1 and B1 indicated by different slashes respectively are
set as the reference pixels. Then, the R1 pixels as the
reference pixels are arranged 1n the form of a square of 5x5
pixels with another pixel being between the adjacent pixels.
On the other hand, the B1 pixels as the reference pixels are
arranged 1n the form of a square of 4x4 pixels with another
pixel being between the adjacent pixels, and 1n addition
thereto, two pixels are arranged on the top, bottom, leit and
right sides thereof respectively, and therefore, a total of 24
pixels exist. At this time, the shape of the reference patch 1s
different between a case where the reference pixel 1s Rl
pixel and a case where the reference pixel 1s the B1 pixel. A
patch 501 1s the reference patch 1n a case where the R1 pixel
1s the reference pixel and the shape thereotf 1s a 5x5 square
with the reference pixel as a center. On the other hand, a
patch 502 is the reference patch 1n a case where the B1 pixel
1s the reference pixel and the shape thereof 1s a checkered
pattern with the reference pixel as a center, which 1s obtained
by omitting the R1 pixels and the B1 pixels from the 5x5
square. Then, the number of constituent pixels of the refer-
ence patch 502 1s 12, which 1s the sum of the six G1 pixels
and the six G2 pixels. The reason the constituent pixels of
the reference patch 502 do not include R1 and B1 1n a case
where the pixel of interest 1s R1 and the reference pixel
thereof 1s B1 1s that it 1s not possible to appropriately derive
the stmilanity level, to be described later, because the color
1s different at the pixel position 1n a correspondence rela-
tionship 1 a case where the patch of interest and the
reference patch are overlapped. It 1s assumed that a case
where the same color appears at the pixel position 1n the
correspondence position on a condition that the reference
patch 1s overlapped 1s represented as that the phase matches
(same phase) and a case where a different color appears 1s
represented as that the phase does not match (different
phase). That 1s, the “same phase” means that the color array
of the peripheral pixels of the pixel of interest 1s the same
and the “different phase” means that the color array of the
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peripheral pixels of the pixel of interest 1s diflerent. As
described above, 1n the patch setting of the present embodi-
ment, for one pixel of interest, a patch to which the pixel
whose color array of the peripheral pixels and whose color
component are the same corresponds and a patch to which
the pixel whose color array of the peripheral pixels 1s
different but whose color component i1s the same corre-
sponds are set. Consequently, for the pixel of interest, two
kinds of reference patch whose shapes are diflerent are set.
At least two kinds of shape of the reference patch exist, and
therefore, two kinds of shape of the patch of interest exist,
corresponding to the shapes of the reference patch. This 1s
also true with a case where the pixel of interest 1s the G1
pixel, a case where that 1s the G2 pixel, and a case where that
1s the B1 pixel. For example, as the reference pixel 1n a case
where the pixel of interest 1s the G1 pixel (FIG. 6A), the two
kinds of G1 pixel and the G2 pixel are set, whose positions
in the minimum unit of the color filter array are different. At
this time, the number of G1 pixels as the reference pixels 1s
25 and the number of G2 pixels 1s 24, and as the reference
patches, two kinds of patches, that 1s, a patch 601 1n the
shape of a square 1including 25 pixels and a patch 602 1n a
checkered pattern including 13 pixels, are set 1n accordance
with the reference pixel.

The feature of the patch setting as described above 1s that
in a case where all the reference patches are overlapped with
the position of the reference pixel as a criterion, at an
arbitrary pixel position at which the pixel having the color
of the G component appears, both the G1 pixel and the G2
pixel appear. FIG. 7A to FIG. 7D are each a diagram
showing the number of times of appearance of the G1 pixel
and that of the G2 pixel respectively at the pixel position 1n
the correspondence relationship 1 a case the 25 reference
patches 1n the same phase and the 24 reference patches 1n the
different phase are overlapped. FIG. TA FIT. 7A corresponds
to FIG. SA, FIG. 7B to FIG. 5B, FIG. 7C to FIG. 6a, and
FIG. 7D to FIG. 6B, respectively. It 1s known that at the pixel
position at which one of the pixels appears, the other also
appears without exception. Here, for a comparison,
examples of the conventional patch setting that causes
pattern noise to occur are shown in FIG. 8A, FIG. 8B, FIG.

9A, and FIG. 9B. FIG. 8A shows a case where the pixel of

interest 1s the R1 pixel, FIG. 8B shows a case where that 1s
the B1 pixel, FIG. 9A shows a case where that 1s the Gl
pixel, and FIG. 9B shows a case where that 1s the G2 pixel,

respectively. Then, FIG. 10A to FIG. 10D are each a diagram
corresponding to FIG. 7A to FIG. 7D described above 1n a
case of the conventional patch setting and showing the

number of times of appearance of the G1 pixel and that of

the G2 pixel at the pixel position in the correspondence
relationship 1n a case where reference patches are over-
lapped for each pixel of interest. At this time, although not
shown schematically, in FIG. 10A, 25 reference patches 801
in the same phase are overlapped and 1n FIG. 10D also, 25
reference patches 802 in the same phase are overlapped.
Further, 1n FIG. 10B, 25 reference patches 901 in the same
phase and 16 reference patches 902 1n the different phase are
overlapped and 1n FIG. 10C also, 25 reference patches 911
in the same phase and 16 reference patches 912 in the
different phase are overlapped.

In FIG. 7A to FIG. 7D of the present embodiment, both
G1 and G2 appear at the same pixel position, but i FIG.
10A to FIG. 10D of the conventional example, in a case
where the pixel of iterest 1s the R1 pixel or the Bl pixel,
only one of G1 and G2 appears at each pixel position. As

described above, 1n a case where the number of times of

appearance ol the G1 pixel and that of the G2 pixel are
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uneven, in the noise reduction processing and the compo-
sition processing, a trend becomes stronger that averaging 1s
performed by using only the G1 pixels for the G1 pixel and
by using only the G2 pixels for the G2 pixel. In this situation,
despite the same color of the G component originally, G1
and G2 are handled as separate colors, and therefore, that the
pixel value 1s different between the G1 pixel and the G2
pixel even at the pixel position at which the pixel value 1s the
same 1n a case where there 1s no noise occurs stochastically.
The occurrence of a difference 1n the pixel value between the
G1 pixel and the G2 pixel as described above 1s the cause of
the occurrence of pattern noise.

Explanation 1s returned to the flow 1n FIG. 3. At step 306,
the similarity level between the patch of interest and the
reference patch 1s derived, which are set as above. As this
similarity level, for example, the sum of difference absolute
value or the sum of diflerence square of the pixel value of
cach pixel configuring the respective patches 1s used. Alter-
natively, 1t may also be possible to regard the pixel values of
a plurality of pixels included 1n the patch of interest and the
reference patch as respective vectors and take the inner
product of the vectors or the various norms of the difference
vectors, which are well known, as the similarity level.

At step 307, whether all the plurality of reference pixels
set at step 303 1s processed 1s determined. In a case where
there 1s an unprocessed reference pixel, the processing
returns to step S304 and the next processing target-reference
pixel 1s determined. On the other hand, 1n a case where all
the reference pixels are processed, the processing advances
to step 308.

At step 308, based on the similarity level derived at step
306, statistic information 1s extracted from one or more
reference patches whose similarity level 1s high (hereinaftter,
called “similar patch™). Specifically, the reference patch
whose derived similarity level 1s higher than or equal to a
predetermined threshold value 1s specified as the similar
patch, the statistic analysis of the similar patch 1s performed
by taking into consideration the difference 1n the geometrical
shape of the specified similar patch, and thus the statistic
information 1s extracted. The statistic information extracted
here 1s the average value or the covariance matrix of the
similar patch 1n the NL Bayes method and 1n the method of
Patent Document 1, the eigenvalue and the eigenvector are
further included. In order to take into consideration the
difference in shape, for example, 1t 1s suflicient to exclude
the pixel of the kind (label) not included 1n the similar patch
from the target of the anthmetic operation at the time of
finding the average value and the covariance matrix.

At step 309, for each similar patch, noise reduction
processing based on the statistic information extracted from
cach similar patch 1s performed. The data of the similar
patch after the noise reduction processing 1s saved tempo-
rarily in the RAM 102 1n preparations for aggregation. Then,
at step 310, whether the processing 1s completed for all the
pixels within the input RAW 1mage 1s determined. In a case
where there 1s an unprocessed pixel, the processing returns
to step 302, and the next pixel 1s determined to be the pixel
ol interest and the processing i1s continued. On the other
hand, 1n a case where the processing 1s completed for all the
pixels, the processing advances to step 311. Then, at step
311, processing (aggregation) to compose a similar patch
group after the noise reduction obtained for each pixel
configuring the mput RAW 1mage 1s performed and the
RAW 1mage for which noise reduction has been performed
1s obtained.

The above 1s the contents of the noise reduction process-
ing according to the present embodiment, which 1s 1mple-
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mented by the noise reduction processing program 200. In
the flow 1 FIG. 3, after the similar patches after noise
reduction are acquired for all the pixels, aggregation 1s
performed en bloc, but this 1s not limited. Oniginally, the
reference patch 1s not set at a position extremely apart from
the patch of interest, and therefore, the range of the similar
patches necessary for aggregation at a certain pixel position
1s limited. Consequently, it may also be possible to perform
aggregation as needed at the point 1n time at which necessary
similar patches are obtained and sequentially output pixel
data whose value 1s settled.

With the method of the present embodiment, as described
above, even 1n a case where the pixel of interest 1s the R1
pixel, the B1 pixel, the G1 pixel, or the G2 pixel, the patch
setting 1s performed so that the number of times of appear-
ance of the G1 pixel and that of the G2 pixel are not uneven.
Due to this, the G1 pixel and the G2 pixel having the same
G component are handled as the pixel of the same color 1n
the noise reduction processing and the composition process-
ing and as a result of this, the occurrence of pattern noise 1s
suppressed.

The smaller the difference 1n the number of times of
appearance between the G1 pixel and the G2 pixel, the more
the pattern noise 1s suppressed. In the examples shown in
FI1G. 7A to FIG. 7D, the difference 1n the number of times
ol appearance 1s only one, and therefore, i1t 1s possible to
suppress the pattern noise to an unrecognizable level.

The case where the color filter array 1s the Bayer array 1s
summarized as follows. First, in a case where the pixel of
interest 1s the R1 pixel or the B1 pixel, both the R1 pixel and
the B1 pixel are included in the reference pixels. Further, in
a case where the pixel of interest 1s the G1 pixel or the G2
pixel, both the G1 pixel and the G2 pixel are included 1n the
reference pixels (both the pixel whose position with respect
to the color filter array of the reference pixel 1s the same as
that of the pixel of interest and the pixel located at the
position 1n the oblique direction thereof are included). Then,
the reference patch 1s caused to have a shape 1n which only
the pixels whose color 1s the same as that of the pixel 1n the
correspondence relationship between the patch of interest
and the reference patch are selected. By performing the
patch setting as described above, 1t 1s possible to avoid such
a situation in which one of the number of times of appear-
ance of the G1 pixel and that of the G2 pixel becomes O
despite that the G1 pixel and the G2 pixel are the pixels of
the same G component, and therefore, 1t 1s possible to
suppress the pattern noise.

Further, 1n a case where the number of reference pixels
whose label 1s the same as that of the pixel of interest and
the number of reference pixels whose label 1s different from
that of the pixel of interest are equal, the suppression effect
of pattern noise becomes very strong. Further, by selecting
the reference pixel from the position near to the pixel of
interest and setting the reference pixel at the position 1n point
symmetry with respect to the pixel of interest, a good etiect
1s obtained. In FIG. 11A, FIG. 11B, FIG. 12A, and FIG. 12B,
other examples of the patch setting capable of suppressing
the occurrence of pattern noise are shown. In FIG. 11A and
FIG. 11B, FI1G. 11 A shows a case where the pixel of interest
1s the R1 pixel and FIG. 11B 1s a case where the pixel of
interest 1s the G1 pixel respectively, and a case where the
pixel of interest 1s the B1 pixel and a case where the pixel
ol interest 1s the G2 pixel are omitted. In FIG. 11 A and FIG.
11B, two kinds of reference pixel exist, that is, the reference
pixel indicated by slashes 1n a case where the label 1s the
same as that of the pixel of interest indicated by the thick
frame and the reference pixel indicated by different slashes
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in a case where the label 1s different from that of the pixel
of iterest, and the number of reference pixels whose label
1s the same as that of the pixel of interest 1s 13 and the
number of reference pixels whose label 1s different from that
of the pixel of interest 1s 16. The diflerence 1n the number of
reference pixels 1s three, and 1n terms of ratio, 55% and 45%,
indicating substantially the equal number, and 1n a case
where the difference 1s such a degree, the pattern noise 1s
almost inconspicuous. FIG. 12A and FIG. 12B are examples

in a case where the number of reference pixels 1s further
increased and then the shape of the reference patch 1is

included 1 a 4x4 rectangular area. In FIG. 12A and FIG.
12B, FIG. 12 A shows a case where the pixel of interest 1s the
R1 pixel and FIG. 12B shows a case where the pixel of
interest 1s the G1 pixel respectively, and a case where the

pixel of interest 1s the B1 pixel and a case where the pixel
of interest 1s the G2 pixel are omitted. In FIG. 12A and FIG.

12B, two kinds of reference pixel indicated by slashes also
exist and the number of pixels whose label 1s the same as that
of the pixel of interest 1s 37 and the number of reference
pixels whose label 1s different from that of the pixel of
interest 1s 36. The difference in the number of reference
pixels 1s one and 1n terms of ratio, 49.3% and 50.7, indi-
cating substantially equal number, and 1n this case, the
pattern noise does not occur.

In the present embodiment, explanation 1s given by taking
the case as an example where one RAW 1mage 1s input and
the noise reduction processing 1s performed for the RAW
1mage but it may also be possible to take a plurality of RAW
images captured by a plurality of cameras or captured in a
time series by a single camera as an input. In this case, the
reference patch 1s set in the plurality of RAW images. At this
time, the reference patch 1s set so to avoid such a situation
in which only one of two pixels appears for the pixels whose
color of the G component 1s the same but whose labels are
different, such as the G1 pixel and the G2 pixel. This can be
implemented by, as shown 1 FIG. 5A, FIG. 5B, FIG. 6A,
and FIG. 6B, setting the reference pixel and the reference
patch also in another RAW 1mage. Further, 1t 1s also possible
to obtain the same eflect by setting the reference pixel
slightly shifted between different RAW 1mages based on the
motion vector indicating the movement between frames 1n a
case where the same object 1s captured 1n a time series. At
this time, the number of input RAW 1mages 1s not limited.

Further, in such processing to fill a part of an 1mage,
which 1s missing, it 1s possible to apply the noise reduction
processing described above by regarding the processing as a
case where the noise of a partial pixel 1s extremely large. In
this case, it 1s possible to suppress the occurrence of pattern
noise 1n the area to be filled.

As above, 1n the present embodiment, the patch of inter-
est, the reference pixel, and the reference patch are set so
that both the G1 pixel and the G2 pixel having the same
color of the G component are included at an arbitrary pixel
position within the reference patch in a case where all the
reference patches are overlapped with the position of the
reference pixel as a criterion. Due to this, i1t 1s made possible
to suppress the occurrence of pattern noise.

Second Embodiment

In the first embodiment, the aspect 1s explained 1n which
the patch-based noise reduction processing 1s implemented
by software. Next, an aspect 1s explamned as a second
embodiment 1n which part of processing 1s implemented by
hardware. Explanation of the portions 1n common to those of
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the first embodiment 1s omitted and in the following, dii-
ferent points are explaimned mainly.

FIG. 13 1s a block diagram showing the hardware con-
figuration of an i1mage processing apparatus including a
camera according to the present embodiment. An image
processing apparatus 1300 shown in FIG. 13 includes an
imaging sensor 1301, an 1maging sensor control unit 1302
configured to control the imaging sensor 1301, an optical
system 1303, and an optical system control unit 1304
configured to control the optical system 1303, and the image
processing apparatus 1300 has an image capturing function.
A user gives 1nstructions to the 1mage processing apparatus
1300 through an operation unit 1308 and 1n response to the
instructions, a CPU 1305 performs control of the entire
image processing apparatus 1300. Specifically, a program
read from a ROM 1307 1s loaded onto a RAM 1306 and by
the CPU 13035 executing the program, the 1mage processing
apparatus 1300 1s controlled. In a case where a user gives
image capturing instructions via the operation unit 1308, the
CPU 1305 controls the optical system 1303 and the imaging
sensor 1301 through the optical system control unit 1304
and the imaging sensor control unit 1302 and performs
image capturing. The data of the image obtained by the
imaging sensor 1301 1s sent to a pre-signal processing unit
1310 via a bus 1313 and gain correction, defect correction,
or the like 1s applied thereto. In the present embodiment, the
image to which the preprocessing i1s applied 1s called a RAW
image. A noise reduction processing unit 1311 performs the
noise reduction processing for the RAW image for which the
preprocessing has been performed. Details of the noise
reduction processing unit 1311 will be described later. The
RAW image after the noise reduction processing 1s sent to a
post-signal processing unit 1312. The post-signal processing,
unit 1312 performs processing, such as demosaicking, color
conversion, and encoding, for the RAW 1mage aiter the
noise reduction. The data of the RAW i1mage for which the
post-signal processing such as this has been performed 1s
saved 1n, for example, a memory card (not shown schemati-
cally) through an external I'F 1309.

FIG. 14 A 1s a block diagram showing details of the noise
reduction processing unit 1311 according to the present
embodiment. The noise reduction processing unit 1311
includes an 1mage acquisition umt 1401, an mput 1mage
builer 1402, a patch similarity level dertvation unit 1403, a
patch noise reduction unit 1404, a patch composition unit
1405, and an image output umt 1406. In the following each
unit 1s explained.

The 1mage acquisition unit 1401 acquires the data of the
RAW image generated in the pre-signal processing unit by
one pixel each time. The input image butler 1402 1s a buller
storing the pixel data corresponding to a plurality of pixels,
which 1s acquired by the image acquisition unit 1401. The
patch similarity level derivation unit 1403 reads the pixel
value from the input image builer 1402 and derives the
similarity level for all the reference patches. FIG. 14B shows
details of the patch similarity level derivation unit 1403.
Here, 1n a case where 1t 1s assumed that there are N reference
patches, as shown in FIG. 14B, the patch similarity level
derivation unit 1403 internally includes N derivation pro-
cessing units 1410, that 1s, the first dertvation processing
unit 1410 to the Nth dernivation processing unit 1410 corre-
sponding to the number of reference patches. Then, by the
plurality of the derivation processing units 1410, N similar-
ity levels are derived in parallel for the first reference patch
to the Nth reference patch. In this case, the N reference
patches are implemented 1n advance by circuits. At this time,
as 1n the first embodiment, the setting 1s performed so that
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both pixels appear irrespective of the label 1n a case where
the pixels have the same color of the G component (see FIG.

5A and FIG. 5B, FIG. 6A and FIG. 6B, FIG. 11A and FIG.
11B, and FIG. 12A and FIG. 12B). Then, control 1s per-
formed 1n each of the N circuits so that the shape of the
reference patch changes in accordance with the position of
the pixel of interest. The patch noise reduction umt 1404
performs the noise reduction processing for each reference
patch (similar patch) whose similarity level i1s higher than or
equal to a predetermined value based on the similarty levels
derived by the patch similanty level derivation umt 1403.
The patch composition unit 1405 includes an internal butler
(not shown schematically) storing the similar patch whose
noise 1s reduced and performs aggregation by using the
similar patch after the noise reduction stored in the internal
bufler. The 1mage output unit 1406 outputs the data of the
pixel whose output value 1s settled by aggregation.

Following the above, a flow of specific processing in the
noise reduction processing unit 1311 with the configuration
described above 1s explained. FIG. 15 1s a flowchart showing
a flow of the noise reduction processing according to the
present embodiment. In the following, detailed explanation
1s given along the flow i FIG. 15.

At step 1501, data corresponding to one pixel of interest
1s acquired from the RAW 1mage generated by the pre-signal
processing unit 1310. At step 1502 that follows, the acquired
data of the pixel of interest 1s stored 1n the input 1image butler
1402. The data of the pixel of interest stored in the input
image buller 1402 1s sent to the patch similarity level
derivation unit 1403 and the patch noise reduction umt 1404.

At step 1503, the similanity levels between the patch of
interest corresponding to the pixel of interest and each of the
first to Nth reference patches are derived, respectively. The
derivation processing of the similarity level in each of the
first to Nth derivation processing units 1410 1s performed 1n
parallel as shown 1n the flow 1n FIG. 15. The similanty level
that 1s derived here 1s the same as explained in the first
embodiment.

At step 1504, statistic information 1s extracted from the
reference patch (=similar patch) whose similarity level with
the pixel of interest 1s higher than or equal to a predeter-
mined value among the first to Nth reference patches. Then,
at step 1505, for each similar patch, the noise reduction
processing based on the extracted statistic information 1s
performed. Although not indicated explicitly 1n the flow 1n
FIG. 15, the noise reduction processing at this step 1s also
performed 1n parallel.

Then, at step 1506, whether the processing 1s completed
for all the pixels within the RAW 1mage 1s determined. In a
case where there 1s an unprocessed 1mage, the processing
returns to step 1501, and the next pixel 1s determined to be
the pixel of interest and the processing 1s continued. On the
other hand, 1n a case where the processing 1s completed for
all the pixels, the processing advances to step 1507.

At step 1507, processing (aggregation) to compose a
similar patch group after the noise reduction obtained for
cach pixel configuring the mput RAW 1mage 1s performed
and a RAW 1mage for which noise reduction has performed
1s obtained. The above 1s the flow of the noise reduction
processing.

As above, 1n the present embodiment, the first to Nth
reference patches devised so as not to cause pattern noise are
implemented by circuits and set 1n advance. Then, the noise
reduction processing unit reads the RAW image into the
input 1image bufler and the patch similarity level derivation
unit derives the similarity level between the patch of interest
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and each reference patch and performs noise reduction. Due
to this, 1t 1s possible to obtain the same eflect as that in the
first embodiment.

Third Embodiment 5

In the first and second embodiments, the aspect 1s
explained in which the occurrence of pattern noise after the
noise reduction processing 1s avoided 1n a case where the
color filter of the imaging sensor 1s the Bayer array. Next, an 10
aspect 15 explamned as a third embodiment in which the
occurrence of pattern noise after the noise reduction pro-
cessing 1s avoided 1n a case of a color filter whose array 1s
different from the Bayer array. Explanation of the portions 1n
common to those of the first and second embodiments, such 15
as the basic configuration of the 1image processing apparatus,
1s omitted and i1n the following, different points are
explained mainly.

The color filter whose array 1s different from the Bayer
array, which 1s the premise of the present embodiment, 1s 20
specifically supposed as a color filter having periodicity with
the following features.

Having a minimum unit consists of three colors of green

(), red (R), and blue (B).

The above-described minimum unit in arranged repeat- 25
edly in the horizontal direction and in the vertical
direction.

G 1s arranged within each line 1n the hornizontal, vertical,
and oblique directions of the color filter array.

One or more of Rs or Bs are arranged within each line in 30
the horizontal and vertical directions of the color filter
array.

The ratio of G 1s lhugher than the ratio of R or B.

FIG. 16 A and FIG. 16B are each an enlarged diagram of

a part ol a RAW 1mage of the color filter array having the 35
above-described features. In the array of the color filter,
which 1s the premise of the present embodiment, a horizon-
tally-elongated rectangle of 3x6 pixels indicated by a thick
frame 1601 1s the minimum unit of repetition as shown 1n
FIG. 16A. At this time, the arrangement 1s such that the 40
mimmum unit 1s repeatedly put side by side with the half of
the thick frame 1601 being shifted as indicated by a broken
line 1601"'. In the array of the color filter shown 1 FIG. 16 A,
it 1s also possible to regard a square of 6x6 pixels indicated
by a thick frame 1602 as the minimum unit of repetition as 45
shown 1n FIG. 16B. In this case, like the Bayer array shown
in FI1G. 4 of the first embodiment, 1n the array, the minimum
unit 1s stmply repeated as indicated by a broken line 1602',
and therefore, 1t 1s not necessary to shift the minimum unit
as 1 FIG. 16A. 50

Here, explanation 1s given by taking a case as an example
where the horizontally-elongated rectangle of 3x6 pixels
shown 1 FIG. 16A 1s regarded as the minimum unit. Here,
among the 18 pixels configuring the minimum unit of 3x6
pixels, which 1s the minimum unit, there exist 10 pixels 55
having the G component and labels G1 to G10 are attached
to each of them. Further, there exist four pixels having the
R component and four pixels having the B component and
labels R1 to R4 and labels B1 to B4 are attached to each of
them. By performing a patch setting as described below for 60
a RAW 1mage captured by an imaging sensor having the
array of the color filter such as this, the occurrence of pattern
noise at the time of performing the noise reduction process-
ing 1s avoided.

First, reference pixels for the pixel of interest are set so as 65
to mnclude each of the 18 pixels configuring the minimum
unit of 3x6 pixels described above. At this time, the refer-
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ence pixels are set so that the pixel of interest 1s located as
near to the center as possible. FIG. 17A 1s a diagram

showing an example of the pixel of interest and the reference
pixels 1 the present embodiment in a case where the
above-described 3x6 pixels are regarded as the minimum
unit. For example, 1n a case where the pixel of interest 1s the
G1 pixel, the 36 pixels within the range of the 6x6 pixels
indicated by slashes are set as the reference pixels. Next, for
example, 1 a 5x5 square area with each of the reference
pixels set as described above as a center, the area from which
the pixel at the position at which the color does not match
that of the patch of interest 1s excluded is set as a reference
patch. FIG. 18(a) to FIG. 18(¥) are each a diagram showing
an example of the reference patch 1n a case where the
above-described 3x6 pixels are regarded as the minimum
unit. By setting the patch shape as shown in each of FIG.
18(a) to FIG. 18(r), the unevenness 1n the number of times
ol appearance for each label becomes unlikely to occur 1n
cach pixel within the patch. As described above, the 18 kinds
of shape of the reference patch exist, and therefore, 18 kinds
of shape of the patch of interest corresponding thereto
respectively also exist. It 1s also possible to set the reference
patch similarly also 1n a case where the pixel of interest 1s
the G2 pixel to the G10 pixel, the R1 pixel to the R4 pixel,
and the B1 pixel to the B4 pixel. In the case of the present
embodiment, there are 18 kinds of reference patch for one
kind of pixel of interest, and therefore, there a total of 324
combinations, that 1s, 18 kinds of pixel of interestx18 kinds
of reference patch. In the present embodiment, the 324
combinations are programmed 1n advance and read into the
RAM 102 at the time of start of the noise reduction pro-
cessing. Then, in the reference patch setting module 203, the
reference patch in accordance with the pixel of interest and
the reference pixels 1s set based on the combinations read
into the RAM 102.

As described above, the patch setting 1s performed so that
no difference in the number of times of appearance arises in
a case where the number of times of appearance of the R1
pixel to the R4 pixel, the G1 pixel to the G10 pixel, and the
B1 pixel to the B4 pixel 1s counted in all the reference
patches at an arbitrary pixel position within the reference
patch. Due to this, it 1s possible to avoid the occurrence of
pattern noise.

In a case where the square of 6x6 pixels shown in FIG.
16B 1s regarded as the minimum unit of repetition, the
situation will be as follows. First, as shown in FIG. 17B, the
pixel of interest and the reference pixels are set. Then, as
shown 1 FIG. 19(a') to FIG. 19(#') and FIG. 20(s) to FIG.
20(aj), by setting 36 kinds of reference patch for one kind of
pixel of interest, the unevenness 1n the number of times of
appearance for each label becomes unhkely to occur 1n each
pixel within the patch. In this case, it 1s suilicient to perform
the patch setting so that no difference in the number of times
ol appearance occurs 1n a case where the number of times of
appearance of the R1 pixel to the R8 pixel, the G1 pixel to
the G20 pixel, and the B1 pixel to the B8 pixel 1s counted
in all the reference patches at an arbitrary pixel position
within the reference patch.

Fourth Embodiment

In the first to third embodiments, 1n order to prevent the
occurrence of pattern noise, the patch setting 1s performed so
that the numbers of times ol appearance of the pixels to
which different labels are attached although the pixels are
the same color of the G component do not become uneven
at an arbitrary pixel position within the reference patch.
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Next, an aspect 1s explamned as a fourth embodiment in
which the occurrence of pattern noise 1s prevented by
deriving the similanty level between the patch of interest
and the reference patch with the patch setting being left as
betfore and excluding a part of pixels of the reference patch,
which cause unevenness in the number of times of appear-
ance at the time of performing the noise reduction process-
ing of the similar patch. Explanation of the portions in
common to those of the first embodiment 1s omitted and 1n
the following, diflerent points are explained mainly.

FIG. 21 1s a block diagram showing details of a noise
reduction processing program according to the present
embodiment. A noise reduction processing program 200
includes each module, that 1s, the pixel of mterest setting
module 201, the reference pixel setting module 202, a
reference patch setting module 203', the similar patch deter-
mination module 204, a pixel selection module 2101, the
patch noise reduction module 205, and the patch composi-
tion module 206. The pixel of interest setting unit 201 and
the reference pixel setting module 202 are the same as those
in the first embodiment. Based on the pixel of interest and
the reference pixels set by both the modules, the reference
patch setting module 203" of the present embodiment per-
forms the conventional patch setting (see FIG. 8A, FIG. 8B,
FIG. 9A, and FIG. 9B) that may cause pattern noise to occur.
Then, the similar patch determination module 204 finds the
similarity level with the patch of interest for the set reference
patch and determines the similar patch. In a case where the
similar patch 1s determined, the pixel selection module 2101
selects a pixel whose unevenness 1n the number of times of
appearance 1s small as a pixel used in the noise reduction
processing from among the pixels configuring the similar
patch. Specifically, for example, for the Bayer array, the

pixel selection module 2101 selects the pixel at the position
at which both the G1 pixel and the G2 pixel to which

different labels are attached although the GI pixel and the G2
pixel are the same color of the G component appear 1n a case
where the plurality of reference patches 1s overlapped. The
patch noise reduction module 205 performs the noise reduc-
tion processing for the similar patch including the pixel
group selected by the pixel selection module 2101. Then, the
patch composition module 206 performs aggregation of the
similar patch whose noise 1s reduced.

Here, specific explanation 1s given by taking a case as an
example where the reference patches shown in FIG. 8A,
FIG. 8B, FIG. 9A and FIG. 9B described previously are set
by the conventional method for the input RAW 1image of the
Bayer array. In this case, the number of times of appearance
of the G1 pixel and that of the G2 pixel are as shown 1n FIG.
10A to FIG. 10D as described previously. As 1s obvious from
FIG. 10A and FI1G. 10D, 1n a case where the pixel of interest
1s the R1 pixel and the B1 pixel, the pixel exists for which
the number of times of appearance of the G1 pixel and that
of the G2 pixels are a combination of 25 times and zero
times, and therefore, there 1s large unevenness in the number
ol times of appearance. In a case where the noise reduction
processing 1s performed for the similar patch such as this,
pattern noise occurs. Consequently, i the present embodi-
ment, 1n a case where the pixel of interest 1s the R1 pixel and
the B1 pixel, the GI pixel and the G2 pixel for which there
1s large unevenness 1n the number of times of appearance are
excluded from the pixels configuring the similar patch. That
1s, a patch that selects only the R1 pixels and the B1 pixels
from the similar patch 1s generated and this 1s taken as the
noise reduction processing target-patch. FIG. 22A to FIG.
22D show noise reduction processing target-patches gener-
ated from each reference patch (similar patch) in FIG. 10A
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to FIG. 10D. In a case where the pixel of interest 1s the G1
pixel and the G2 pixel, there 1s no extreme unevenness 1n the
number of times of appearance of the G1 pixel and that of
the G2 pixel, and there, the pixels are taken as the pixels that
are used in the noise reduction processing as they are. As
described above, by excluding the pixel at the position at
which there 1s large unevenness 1n the number of times of
appearance ol the pixel having the G component from the
similar patch, 1t 1s possible to avoid the occurrence of pattern
noise.

Following the above, a flow of specific processing of the
noise reduction processing program 200" with the module
configuration described above 1s explained. FIG. 23 1s a
flowchart showing a flow of the noise reduction processing
according to the present embodiment. In the following,
detailed explanation 1s given along the flow 1n FIG. 23.

Step 2301 to step 2307 correspond to step 301 to step 307
of the flow 1 FIG. 3 of the first embodiment. In a case where
an mput RAW 1mage 1s acquired (step 2301), a pixel of
interest and a plurality of reference pixels are set therefrom
(steps 2302 and 2303). Then, 1n a case where one processing,
target-reference pixel 1s determined among the plurality of
set reference pixels (step 2304), a patch of interest corre-
sponding to the pixel of interest and a reference patch
corresponding to the processing target-reference pixel are
set by the conventional method (step 2305). Then, the
similarity level with the patch of interest 1s derived for the
set reference patch (step 2306) and the processing at step
2304 and subsequent steps are repeated until there 1s no
unprocessed reference pixel (step 2307).

At step 2308, based on the similarnity level derived at step
2306, the reference patch whose similarnty level 1s high
(similar patch) 1s determined and further, the pixels that are
used 1n the noise reduction processing are selected as
described above. In this manner, the patch that i1s the target
of the noise reduction processing (noise reduction target-
patch) 1s generated. Then, at step 2309, statistic information
1s extracted from the noise reduction target-patch.

At step 2310, for each noise reduction target-patch, the
noise reduction processing based on the statistic information
extracted from each of the noise reduction target-patches 1s
performed. Then, at step 2311, whether the processing 1s
completed for all the pixels within the mnput RAW 1mage 1s
determined. In a case where there 1s an unprocessed pixel,
the processing returns to step 2302, and the next pixel 1s
determined to be the pixel of interest and the processing 1s
continued. On the other hand, 1n a case where the processing
1s completed for all the pixels, the processing advances to
step 2212. Then, at step 2312, aggregation to compose the
patch group after the noise reduction, which 1s obtained for
cach pixel configuring the mput RAW 1mage, 1s performed
and a RAW 1mage for which noise reduction has been
performed 1s obtained.

The above 1s the contents of the noise reduction process-
ing according to the present embodiment, which 1s 1mple-
mented by the noise reduction processing program 200'. The
feature of the present embodiment 1s that the pixel having a
strong possibility of causing pattern noise to occur and
whose number of times of appearance 1s largely uneven 1s
removed before aggregation. Consequently, what 1s required
1s the capability of removing such a pixel before aggrega-
tion, and therefore, the above-described processing order 1s
not limited. For example, although the amount of calculation
becomes large, 1t may also be possible to perform the
selection of pixels described above for the similar patch
group whose noise 1s reduced after performing the noise
reduction processing for the similar patch.
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As above, also by the present embodiment, it 1s possible
to prevent the occurrence ol pattern noise accompanying
noise reduction processing for a RAW image.

Other Embodiments

Embodiment(s) ol the present invention can also be
realized by a computer of a system or apparatus that reads
out and executes computer executable instructions (e.g., one
or more programs) recorded on a storage medium (which
may also be referred to more fully as a ‘non-transitory
computer-readable storage medium’) to perform the func-
tions of one or more of the above-described embodiment(s)
and/or that includes one or more circuits (e.g., application
specific integrated circuit (ASIC)) for performing the func-
tions of one or more of the above-described embodiment(s),
and by a method performed by the computer of the system
or apparatus by, for example, reading out and executing the
computer executable instructions from the storage medium
to perform the functions of one or more of the above-
described embodiment(s) and/or controlling the one or more
circuits to perform the functions of one or more of the
above-described embodiment(s). The computer may com-
prise one or more processors (e.g., central processing unit
(CPU), micro processing unit (MPU)) and may include a
network of separate computers or separate processors to read
out and execute the computer executable instructions. The
computer executable instructions may be provided to the
computer, for example, from a network or the storage
medium. The storage medium may include, for example, one
or more of a hard disk, a random-access memory (RAM), a
read only memory (ROM), a storage of distributed comput-
ing systems, an optical disk (such as a compact disc (CD),
digital versatile disc (DVD), or Blu-ray Disc (BD)™), a
flash memory device, a memory card, and the like.

While the present invention has been described with
reference to exemplary embodiments, 1t 1s to be understood
that the mvention 1s not limited to the disclosed exemplary
embodiments. The scope of the following claims 1s to be
accorded the broadest mterpretation so as to encompass all
such modifications and equivalent structures and functions.

What 1s claimed 1s:
1. An 1mage processing apparatus that reduces noise of an
image, the 1image processing apparatus comprising:

one or more memories storing instructions:

one or more processors executing the instructions to:

set a pixel of interest and a plurality of reference pixels for
the pixel of interest among pixels configuring the
1mage;

set a patch of interest configured by a plurality of pixels
with the pixel of interest as a criterion;

set a plurality of reference patches configured by a
plurality of pixels with each of the plurality of refer-
ence pixels as a criterion; and

perform noise reduction processing based on the patch of
interest and the plurality of reference patches,

wherein:

the 1mage has a color for each pixel, which corresponds
to a color filter array, and 1s an 1mage 1n which a umt
pixel group including pixels corresponding to a plural-
ity ol color components 1s arranged repeatedly,

the color filter array has periodicity in which an ID
indicates a position relationship for the color filter
array,

in the unit pixel group, a plurality of pixels exists for at
least one color, and
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in setting the plurality of reference patches, for the patch
of interest, a first reference patch 1s set to which a pixel
whose color array of peripheral pixels and whose color
component are the same corresponds and a second
reference patch 1s set to which a pixel whose color array
of peripheral pixels are diflerent but whose color com-
ponent 1s the same corresponds,
wherein 11 different IDs are assigned to pixels of the first
reference patch and pixels of the second reference
patch, each of said first and second reference patch 1s
set so that the distribution of the IDs of the pixels of the
same color 1s same at the positions of the pixels
constituting each reference patch.
2. The 1image processing apparatus according to claim 1,
wherein
the noise reduction processing comprises:
deriving a similarity level with the patch of interest from
the plurality of reference patches;
performing patch noise reduction processing for a refer-
ence patch as a target, whose dertved similanty level 1s
higher than or equal to a predetermined threshold
value; and
generating a RAW 1mage whose noise 1s reduced by
performing aggregation using a noise reduced refer-
ence patch.
3. The image processing apparatus according to claim 2,
wherein
the similarity level 1s a sum of difference absolute values
or a sum of difference squares of pixel values of pixels
configuring each reference patch.
4. The image processing apparatus according to claim 2,
wherein
the first reference patch and the second reference patch are
reference patches different 1n shape,
the noise reduction processing further comprises extract-
ing statistic information from a reference patch whose
similarity level 1s higher than or equal to a predeter-
mined value based on a difference in shape of the
reference patch, and
the patch noise reduction processing performs noise
reduction processing for each similar patch whose
derived similarity level 1s higher than or equal to the
predetermined threshold value based on the extracted
statistic information.
5. The 1mage processing apparatus according to claim 4,
wherein
the noise reduction processing comprises noise reduction
processing by using an NL-Bayes method and
the statistic information 1s an average value or a covari-
ance matrix of a reference patch whose similarity level
1s higher than or equal to a predetermined value and 1n
a case where the average value or the covariance matrix
1s found, a pixel not included 1n the reference patch 1s
not used.
6. The 1image processing apparatus according to claim 1,
wherein
the reference pixel 1s set in point symmetry with respect
to the pixel of interest.
7. The 1mage processing apparatus according to claim 1,
wherein
the color filter array having periodicity 1s a Bayer array.
8. The 1mage processing apparatus according to claim 1,
wherein
the color filter array having periodicity has a minimum
unit consisting of three colors of green, red, and blue
and
in the color filter array:

"y
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the mimimum unit 1s arranged repeatedly in a horizontal
direction and a vertical direction;
green 1s arranged within a line 1n horizontal, vertical, and
oblique directions of the color filter array;
one or more reds or blues are arranged within each line in
horizontal and vertical directions of the color filter
array; and
a ratio of green 1s higher than a ratio of red or blue.
9. The 1image processing apparatus according to claim 7,
wherein
in a case where a position 1n the minimum unit of the color
filter array 1s the same between the pixel of interest and
the reference pixel, the reference patch 1s configured by
pixels of all colors of red, green, and blue and
1n a case where a position 1n the minimum unit of the color
filter array 1s different between the pixel of interest and
the reference pixel, the reference patch 1s configured by
only green pixels.
10. The image processing apparatus according to claim 1,
wherein
the 1mage 1s a RAW 1mage before development.
11. The image processing apparatus according to claim 7,
wherein
the unmit pixel group 1s configured by a total of four pixels,
that 1s, two pixels corresponding to green, one pixel
corresponding to red, and one pixel corresponding to
blue and
the second patch 1s configured by only pixels correspond-
ing to green.
12. The image processing apparatus according to claim 1,
wherein
the first reference patch 1s configured by all pixels
included 1n a predetermined area corresponding to the
pixel of interest and
the second reference patch 1s configured by only pixels
corresponding to green.
13. The image processing apparatus according to claim 1,
wherein
the second reference patch includes only pixels corre-
sponding to green even though the pixel of interest 1s a
pixel corresponding to a color other than green.
14. The image processing apparatus according to claim 1,
wherein
the first reference patch 1s set into a shape of a rectangular
area; and
the second reference patch 1s set into a shape in which
predetermined pixels are thinned from pixels config-
uring the rectangular area 1n accordance with the color
filter array.
15. The image processing apparatus according to claim 7,
wherein
the IDs of the Bayer array include R1, B1, G1 and G2
such that a pixel corresponding to red is taken as an R1
pixel, a pixel corresponding to blue as a B1 pixel, and
two pixels corresponding to green are taken as G1 pixel
and a G2 pixel respectively 1n the Bayer array,
in a case where the pixel of interest 1s the R1 pixel or the
B1 pixel, both the R1 pixel and the Bl pixel are
included in the setting of the plurality of reference
pixels; and
in a case where the pixel of interest 1s the G1 pixel or the
G2 pixel, both the G1 pixel and the G2 pixel are
included in the setting of the plurality of reference
pixels.
16. An 1mage processing method of reducing noise of a
RAW 1mage having a color for each pixel, which corre-
sponds to a color filter array having periodicity in which an
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ID 1ndicates a position relationship for the color filter array,
the 1mage processing method comprising:

a pixel setting step of setting a pixel of interest and a
plurality of reference pixels for the pixel of interest
among pixels configuring the RAW 1mage;

a patch setting step of setting a patch of interest config-
ured by a plurality of pixels with the pixel of interest as
a criterion and a plurality of reference patches config-
ured by a plurality of pixels with each of the plurality
of reference pixels as a criterion; and

a noise reduction step of performing noise reduction
processing based on the patch of interest and the
plurality of reference patches,

wherein:

at the pixel setting step, for one pixel of interest, at least
two kinds of pixel whose positions are diflerent 1n a
minimum unit of the color filter array are set as the
plurality of reference pixels,

at the patch setting step, for one pixel of interest, at least
two kinds of reference patches are set, the two kinds of
reference patches including at least a first reference
patch and a second reference patch whose shapes are
different, and

wherein 11 different IDs are assigned to pixels of the first
reference patch and pixels of the second reference
patch, each of said first and second reference patch 1s
set so that the distribution of the IDs of the pixels of the
same color 1s same at the positions of the pixels
constituting each reference patch.

17. A non-transitory computer readable storage medium
storing a program for causing a computer to perform an
image processing method of reducing noise of a RAW image
having a color for each pixel, which corresponds to a color
filter array having periodicity in which an ID indicates a
position relationship for the color filter array, the image
processing method comprising:

a pixel setting step of setting a pixel of interest and a
plurality of reference pixels for the pixel of interest
among pixels configuring the RAW 1mage;

a patch setting step of setting a patch of interest config-
ured by a plurality of pixels with the pixel of interest as
a criterion and a plurality of reference patches config-
ured by a plurality of pixels with each of the plurality
of reference pixels as a criterion; and

a noise reduction step of performing noise reduction
processing based on the patch of interest and the
plurality of reference patches,

wherein:

at the pixel setting step, for one pixel of interest, at least
two kinds of pixel whose positions are different 1n a
minimum unit of the color filter array are set as the
plurality of reference pixels,

at the patch setting step, for one pixel of interest, at least
two kinds of reference patches are set, the two kinds of
reference patches including at least a first reference
patch and a second reference patch whose shapes are
different, and

wherein 1f different IDs are assigned to pixels of the first
reference patch and pixels of the second reference
patch, each of said first and second reference patch 1s
set so that the distribution of the IDs of the pixels of the
same color 1s same at the positions of the pixels
constituting each reference patch.
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